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CERN July 4" 2012

Image Credit: J. Olsson, S. Carroll, STFC, NY Times, AP
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Introduction

Years from concept to discovery
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I The Standard Model of particle physics
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Introduction

£SM=£m+£g+£h+£y :

L, = Qriv*DiQr + qriv*D}iqr + Lriv* Dy Ly, + lpiv*D /Mg

D; =09, —igWiT* —iYg¢B, , D;=08,—iY¢B,
V(9) = —p°¢” + \o*
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Introduction

SU@) x Uy = U [B

* )HDM ° . .
* Technicolor Higgs + SUSY NMSSM

o Composite 2HDM
Simplicity Naturalness

* Fundamental Scalar * Composite Higgs ;)‘?xtra_
(SM Higgs) * Walking

Technicolor

* Little Higgs
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Naturalhess

Galileo (1589), Newton (1687):

rninertial o mgravity

Equivalence principle —> General

Relativity

Susskind (1979), ‘t Hooft (1980):

2 2 — 2
(mh) tree + (mh) radiative (mh> v

Hierarchy problem -7
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~
Naturalness

2
3272

1
om2 = Z(Qg2 + 29’2) — 6y; + 6)\]

e Not regularization—dependent:

m
(Smi X mﬁeavy, dmy, o My, log ( h;avy )

o A fundamental scalar is quadratica]])/ sensitive to high energies

® EM analogy, electron rest energy contribution from Coulomb field:

e

(mec2)obs = (mecz)bare + Al?coulomba A Econlomb =

4eqr
® Avoid fine—tuning: Predicts new physics at ~10°m! 0Te

® Parametrize possible new physics atTeV scale? Start with what we know below
TeV scale. ..
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Phenomenological Framework

SU(2) x SU(2) = SU(2)y (p= My /Mzcosby, ~ 1)

2
L= UZTrD,LZTD“E — mgt S, + hec.
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Phenomenological Framework

SU(2) x SU(2) = SU(2)y (p= My /Mzcosby, ~ 1)

4

1 1 1 (3m? 1 2
+§(5uh)2+§m%h2+d36(73h)h3 dy (Bmh)h4+--- ;

Y = exp (z aaﬂa)
v
[87r

Tevong You See previous paper: John Ellis and T.Y., JHEP 1206 (2012) 140, [arXiv: 12,919
K 1204.0464 [hep-ph]]. /

v? " h  h* - h ;
[, . —TI'D“Z D“Z 1 4 2(1; . b’U_2 + ... ] — miszZ 1 -+ C; 4 ’(,bR 4 h.C.

LA = bs Ga/-wGMV ac;rn bemFl-tuFuu] (ﬁ)




Phenomenological Framework

® g parametrizes couplings of h to massive gauge bosons

® ¢ parametrizes couplings of h to fermions

* Standard Model: a=c=1
* Composite Higgs MCHM4: a==~c \/ f
* Composite Higgs MCHMb5: a —

* Pseudo-Dilaton: a

TV

Tevon g You

&= (v/f)*
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VIZE e= =
U




Phenomenological Framework

{ Your Favourite Model x

|
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Re-interpreting SM Higgs Searches
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* Example

S 2 eF
SEE CMS\s=8TeV,L =5.1fb"
§ B : !\Is- e ’ lm- .

c -
% ;E’ 5 H—>WW—>2I2v 0/1/2 jet cut based
5 3 f
O 4 4 - - - Median Expected
w O L
S 8 r [ Expected- 1o
g @ 3 || Expected = 20
“E - —e— Observed
© 2
o N
S N
3 -
< 1
.
§ o 1 1 1 1 l 1 1 1 1 | 1 1 1 1 l 1 1 1 1 l 1 1 1 3 1 3 3
§ 120 130 140 150 160
P m, [GeV]
8
T
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Di-jet loose
Di-jet tight
Untagged 3
Untagged 2
Untagged 1
Untagged 0
Di-jet
Untagged 3
Untagged 2
Untagged 1

Untagged 0

Re-interpreting SM Higgs Searches

CMS preliminary
1s=7TeV,L=5.11"
B \s=8TeV,L=531"
- > & Event Class
Q - ::T:g: Gev
B F /0y = 1.56:0.43
- 00
- ﬁ
-~
1 1 L I 1 L1 l 1 1 Ll 1 I L1 1 I Ll L I LAl 1l l
-4 -2 0 2 4 6 8 10

Best Fit cr/cssM

https:/ /indico.cern.ch/getFile.py/access?contribld=0&resld=0&materialld=slides&confld=197461
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Re-interpreting SM Higgs Searches

® Extract Likelihood L(,U:) g expected and observed 95% CL limit on mu

® Assume Gaussian limit of Poisson-distributed Likelihood*:

2
/ o #Qs%obs _%Q&L \
Oobs ° Texp = Heyy /1.96 o e _: Pl .95

e 2% du
_ Jo Y,

*See A. Azatov, R. Contino and ]. Galloway, arXiv:1202.3415.
12.9.19
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Re-interpreting SM Higgs Searches

Oprod X BRdecay

* Likelihood L( /.L) e §n=
gSM SM
prod X BR’decay
Oprod = Rprod (a'a C) ' O'Sg\gd ) BRdecay Rdecay (a C) BRdecay

— U = Rprod (a, C) . Rdecay(a'a C)

3 & FiR;(a,c) oM

Ryrod(a,c) = S eF where F; = S 0 &= eff(i) , = ggF,VBF,VH,ttH
i Cidl'e tot.
R:(a,c , _

Rdecay(aa C) — R J(((’l l) y  J =7, ZZ: WVV, bb, TT
tot. \Wy
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Re-interpreting SM Higgs Searches

760006000 . L . ;_<_t
> - H®
A Dm=m——_— T t p---------
e z 209999988,
U000009) g t

R (_Vbs T CFt Rypr = a* Rap = a®* , Rp=c
99 — F2 )
i
@ (b) w (c) Y
'\‘L}'___g: >_-_£’ e w H*‘?ﬁ:\i i Lo : t
Ryy = a* ; Rff = ¢’ , R, (= % cms_ 'CFt + aF )
(_§Ft + Fw)2




Re-interpreting SM Higgs Searches

* Experimental search (sub)channels:

Production sensitive to | Decay sensitive to
channel a c a c
¥y v v v v
vy VBF v X v v
WW v v v X
WW 2-jet v X v X
WW 0,1-jet X v v X
bb (VH) v X X v
bb (ttH) X ve X v
77 v v v X
TT v v X v
7 (VBF, VH) | Vv X X v

Tevong You For LHC HXSWG report see arXiv: 1209.0040
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Global Experimental Constraints

° Couplings proportional to masses?

® Assumed SM couplings:

2
)\f :\/Ema gv :2%
v v

® Generalize scale and power couplings:

2(1+€
p=v2(3) g{/=2(m"( ))
M M1+2e

° Corresponding to rescaling factors

)\, mS / M2e
_7f _ f _ 9y _ %
Cf—E_U(MHe)’ aV_g_V_v(M(Hze))
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e Fit for our anomalous scaling model:

GLOBAL Coupling-Mass Proportionality
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Global Experimental Constraints

o 1le=25 GLOBAL Coupling-Mass Proportionality marg. «

Ve




Global Experimental Constraints

e Fit for our anomalous scaling model:

1e-25 GLOBAL Coupling-Mass Proportionality marg. «

00
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Global Experimental Constraints

{ Your Favourite Model x

B
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Global Experimental Constraints

°* CMS CMS 7+8 ZZ4l
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Global Experimental Constraints
e CMS

CMS 748 77 CMS 7+8 bb
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Global Experimental Constraints
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INts

CMS 748 1

VEBF combined
GG combined

CMS 7+8 1
CMS 7+8

Global Experimental Constra

* CMS
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~
~Global Experimental Constraints

— CMS 748 Combination

Meudo-Dilaton/MCHMA
Aoti-Dllaton
Fermiophobic

MCHMS

For - | c| discussion see M. Reece, arxiv:1208.1765




Global Experimental Constraints

Peudo-DilatoryMCHM4

o
CMS } Anti-Dilaton
rermiophabic
w 2.0 MCHMS
CMS Preliminary Preudo-DilatonyMCHMS
1 8 Vvs=7TeV,L=5.11H oo :f;?;l;:::m
1 6 \s=8 TeV, L=5231h MCHMS

0'8.0 0.5

solid contour:
dashed contour:
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Global Experimental Constraints
e ATLAS

ATLAS 7+8 ZZ4I

ATLAS 7+8 1

=
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_Global Experimental Constraints

ATLAS 7+8 Combination

Meudo-Dilaton/™MCHM4
o Aoti-Dilaton

rermiophobic

MCHMS




Global Experimental Constraints

TEVATRON bb

® Tevatron

TEVATRON Combination

Peudo-Dilaton/MCHM4
@ Aoti-Dilaton
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Global Experimental Constraints
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GLOBAL Combination

Meudo-Dilaton/™MCHMA a1
Lovti-Dllaton
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Other Higgs Properties

¢ Spln determlnatlon) O or 2? See e.g. S.Y. Choi et al (0210077), E. De Sanctis et al
(1103.1973),Y. Gao et al (1001.3396), J.S. Gainer et al
. [4 )
® Many studies on ‘golden’ ZZ channel (1108.2274)
* WW and diphoton channel also worth considering { i 2220?8 Huwang
3502 E‘:
3003
Y Y 2505
e S 200
E g
Cuts on Higgs 150F Cuts on Graviton
[ Baseline . ooi- - Baseline
— p:,"2> 40,25 GeV - ’ p:-u’ 40,25 GeV J. Ellis, R. Fok, D.S. Hwang, V. Sanz and
—— P, <40 GeV 508 - P, <40 GeV o T.Y (in progress)
0 01 02 03 04 o.(s, 06 07 08 08 1 001020I30I40'(50'60I708091
cos (0) cos (0)

® Best discrimination may come from combination!

Recently appeared: S. Bolognesi et al (1208.4018)
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Other Higgs Properties

* My a possible fast-track to spin?

@ Tevong You

- TeVatron ] LHCS
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J. Ellis, D.S. Hwang, V. Sanz and T.Y., arXiv:1208.6002
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Other Higgs Properties

Experiment| Category |Hypothesis A|Hypothesis B|Significance in o
CDF 01 0~ 27(07) 3.7 (1.3)
11 0~ 27(07) 2.5 (1.0)
21 0~ 27(07) 1.4 (0.78)
Combined 0" 27(07) 4.8 (1.6)
DO 01 0" 27(07) 3.5(1.2)
21 0" 27(07) 1.8 (1.2)
Combined 0~ 27(07) 4.0 (1.6)
ATLAS 21 0~ 27(07) 24 (1.1)
CMS 21 0~ 27(07) 2.3 (0.70)
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Conclusion

* Discovery of a new boson of fundamental significance (it’s

real!)

¢ Consistent with SM Higgs couplings to fermions/ gauge

bosons with expected power law and scale
® Spin yet to be determined
® Picture is still blurry, BSM physics could lie beneath statistical

fluctuations

* Hopeful that closing the door on SM chapter will open up a

new one. .. Wait and see!
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Thank You

“Theorists used to have dgﬁ{icu]t)/ beh’eving an)/thing that wasn’t experimental])/ proven. Now tbey believe
anytbjng that isn’t experimental])/ disproven.”

-Unknown
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